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Background:  The  Japanese  diagnostic  assessment  of  nuclear  cardiology  has  usually  been  based  on semi-
quantitative  visual  analyses  but  not  on  automated  quantiﬁcation  with  a total  perfusion  deﬁcit  (TPD).  We,
therefore,  aimed  to determine  whether  automated  TPD  quantiﬁcation  is  useful  to  detect  coronary  artery
disease (CAD)  in Japanese  patients  in comparison  with  conventional  visual  segmental  analysis,  and  to
compare  results  from  the  automated  assessment  between  the  Japanese  and  American  normal  databases
(NDBs).
Methods:  Patients  with  suspected  CAD  underwent  rest 201Tl and  stress 99mTc-tetrofosmin  myocardial
perfusion  single  photon  emission  computed  tomography  (SPECT)  and coronary  angiography  within  three
months.  The  TPD  was  automatically  derived  from  the  SPECT  image  through  quantitative  perfusion  SPECT
software  with  the Japanese  and American  NDBs.  The visual  summed  stress  scores  (SSS)  were  estimated
with  the 5-point  visual  scoring  model  for  20  segments  of SPECT  images.  An  abnormal  criteria  for the
stress  TPD  and  SSS  were  deﬁned  as ≥5%  and  ≥4,  respectively.
Results:  Detection  sensitivity  of CAD  was  87%  with  the  stress  TPD  score  derived  from  the  Japanese  NDB
and  85%  with  the SSS  in  visual  analysis.  In contrast,  the  detection  sensitivity  with  the  stress  TPD  score
derived  from  the  American  NDB  was  75%,  which  was signiﬁcantly  lower  than  that  with  the  Japanese
TPD  (p = 0.0004).  Speciﬁcity  of  the automated  Japanese  TPD  assessment  was  similar  to  that  of the  visual
SSS  assessment  (87%  vs. 80%).  Thus,  sensitivity  and  speciﬁcity  of  the  automated  quantitative  assessment
based  on  the  TPD  scores  derived  from  the  Japanese  NDB  were  consistent  with  that of  visual  quantiﬁcation
based  on the  segmental  defect  scores.
Conclusion:  The  automated  quantitative  assessment  with  the  Japanese  NDB  is useful  for the  detection
of  CAD  when  experts  in  visual  interpretation  of  a  myocardial  perfusion  SPECT  image  were  absent  in a
3  Jap
clinical  setting.
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Gated myocardial perfusion single photon emission computed
omography (SPECT) is a pivotal technique in nuclear cardiology to
rovide imaging data, which are useful for consideration of myocar-
ial blood ﬂow and viability, using radiopharmaceutical injection.
o interpret the imaging data and to secure quality control, Ger-
ano et al. [1] developed a quantitative perfusion SPECT (QPS)
lgorithm, which allowed automated quantitative assessment of a
efect on a polar map. The QPS software was conﬁrmed to be highly
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edicine, 30-1 Oyaguchi-Kamicho, Itabashi-Ku, Tokyo 173-8610, Japan.
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sensitive and speciﬁc for the detection and localization of coro-
nary artery disease (CAD) [2], and thereafter, the software has been
used worldwide as the standard algorithm. The QPS software can
estimate various ischemic parameters, including summed stress
score (SSS) and summed rest score (SRS), by comparisons between
patient’s data and normal limits. However, the estimation process
includes visual quantitative assessment by an experienced observer
because the normal limits fail to provide all-purpose thresholds.
Therefore, regional abnormality thresholds should be determined
for each quantiﬁcation method and each population studied.
Slomka et al. [3] proposed a total perfusion deﬁcit (TPD), as
a new objective parameter, which represented both severity and
extent of a defect in comparison with normal databases (NDBs) cre-
ated based on American myocardial perfusion imaging data, and
reported that the TPD could achieve performance better than or
equivalent to visual quantiﬁcation based on per-segment visual
vier Ltd. All rights reserved.
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ptimization of abnormality thresholds. In addition, automated
uantitative assessment with the TPD was conﬁrmed to provide
ighly correlated results with visual interpretation by three experts
nd to be more reproducible than the visual quantitative assess-
ent for defect extent [4].
The automated quantitative assessment with the TPD has been
reated as a reliable technique detecting CAD in the multicenter
rial [5] and the American Society of Nuclear Cardiology (ASNC)
maging guideline 2010 for SPECT [6].
On the other hand, the Japanese diagnostic assessment of
uclear cardiology has usually been based on a semi-quantitative
isual analysis but not on automated quantiﬁcation with the TPD.
 reason for this is that the automated quantitative assessment
equires a validated NDB for myocardial perfusion. We  had no val-
dated Japanese NDBs when the automated quantiﬁcation with the
PD was established in the USA. Also, it was unclear whether the
merican NDBs could be applied to Japanese nuclear cardiology.
s for the normal limit mentioned above, NDBs should be created
n consideration of a procedure of SPECT including stress and rest
cquisition protocols, a sort and dosing schedule of radiopharma-
euticals and 180◦ or 360◦ acquisition. In recent years, the Japanese
ociety of Nuclear Medicine developed a Japanese NDB for myocar-
ial perfusion images obtained from subjects with a low-likelihood
f cardiac disease [7]. However, there are no reports that diagnostic
ensitivity and speciﬁcity of CAD based on the TPD were compared
etween NDBs from different populations.
We  have been investigating the diagnostic value of automated
uantitative assessment using the TPD that has not yet become
opular in Japan. The objectives of the present study were to retro-
pectively determine whether automated quantitative assessment
ith the TPD derived from the Japanese NDB is useful to detect CAD
n Japanese patients in comparison with conventional segmental
efect scores estimated by visual quantitative assessment. In addi-
ion, the automated quantitative assessment with Japanese TPD
as compared with that based on the TPD derived from the Ameri-
an NDB to clarify whether diagnostic results from the assessments
re different between the two NDBs.
aterials and methods
The institutional review board of Nihon University Itabashi Hos-
ital approved this study, which proceeded in accordance with the
thical standards established in the 1964 Declaration of Helsinki.
ll study participants provided written informed consent prior to
nclusion in this study.
atient population
The study population comprised 165 consecutive patients
ith suspected CAD who underwent rest 201Tl and stress 99mTc-
etrofosmin myocardial perfusion SPECT [8–11] and coronary
ngiography within three months. We  excluded patients who  had
ulti-vessel CAD, those who had a history of myocardial infarc-
ion, those who underwent any type of coronary revascularization,
nd those who developed non-ischemic cardiomyopathy or valvu-
ar heart disease. The assessment was performed in only patients
aving one-vessel CAD because of strict assessment of differences
etween Japanese and American NDBs based on correct sensitivity
nd speciﬁcity by coronary artery territory.
apanese and American NDBsThe Japanese NDB used was one developed by the Japanese
ociety of Nuclear Medicine [7], which is based on exercise-rest
yocardial perfusion images accumulated from 80 subjects with
 low likelihood of cardiac disease. The American NDB used waslogy 62 (2013) 224–229 225
one distributed with the QPS software [3], which was  previously
validated by Cedars-Sinai Medical Center (Los Angeles, CA, USA),
and was  created from 40 male and 40 female subjects with a low
likelihood of CAD.
Electrocardiography-gated dual-isotope myocardial perfusion
SPECT
The procedure of rest 201Tl and stress 99mTc-tetrofosmin elec-
trocardiography (ECG)-gated myocardial perfusion SPECT was
performed as a protocol previously reported [8–11]. All patients
received an intravenous (i.v.) injection of 201Tl (111 MBq) and
sixteen-frame gated SPECT image was initiated 10 min  after injec-
tion during rest. Then an i.v. injection of 99mTc-tetrofosmin
(740 MBq) was  performed under stress induced by ergometer exer-
cise in 26% of the patients or by adenosine triphosphate in 74% of
them. Sixteen-frame gated SPECT image was initiated 30 min  after
exercise or 30–60 min  after adenosine stress. No attenuation or
scatter correction was used. Twelve-lead ECG was monitored con-
tinuously during stress tests. Heart rate and blood pressure were
recorded at baseline and every minute for at least 3 min after stress.
Coronary angiography
Coronary angiography (CAG) was  performed within three
months after the SPECT imaging. All coronary angiograms were
visually interpreted by experienced cardiologists who were given
no previous notice of the SPECT data. A stenosis with 75% or greater
narrowing of the luminal diameter, which was considered signiﬁ-
cant, was  used as a gold standard for the detection of CAD.
Automated perfusion analysis
The projection data over 360◦ were obtained with 64 × 64 matri-
ces and a circular orbit. A triple-detector SPECT system equipped
with low-energy high-resolution collimators was  used (Toshiba,
GCA9300A, Tokyo, Japan). The quantitative perfusion variable used
was a TPD, which is a parameter representing both defect extent
and severity of myocardial abnormality, was automatically com-
puted. TPD scores were calculated as the percentage of the total
surface area of the left ventricle below the predeﬁned uniform
average deviation threshold using QPS software. The TPD scores
were measured at stress and rest, and ischemic TPD was calculated
from the difference between the stress and rest TPD scores (stress
TPD minus rest TPD). An abnormal criterion for the stress TPD was
deﬁned as 5% or more [5].
Visual perfusion analysis
The SPECT images were divided into 20 segments on three short-
axis (distal, mid, basal) and one vertical long-axis (mid) slices, and
the tracer uptake of each segment was visually scored using a
5-point scale (0: normal; 1: slight reduction of uptake; 2: mod-
erate reduction of uptake; 3: severe reduction of uptake; and 4:
absence of uptake). The sum total of the scores of 20 segments in
the stress and rest images provided the summed stress score (SSS)
and the summed rest score (SRS), respectively. The summed differ-
ence score (SDS) was  calculated as the difference between the SSS
and SRS. An abnormal criterion for the SSS was deﬁned as 4 or more
[4]. Cohen’s kappa (), which was calculated to determine the inter-
observer variability for the perfusion score, was 0.92, indicating
very good reproducibility.
Sixteen-frame quantitative gated SPECT data were analyzed
using QGSTM software (Cedars-Sinai Medical Center) to calculate
left ventricular ejection fraction (LVEF, %), end-diastolic volume
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LVEDV, mL)  and end-systolic volume (LVESV, mL)  as described by
ermano et al. [12].
tatistical analysis
Continuous variables were calculated as means and standard
eviations. Analysis of variance (ANOVA) was used for multiple
roup comparison of patients’ characteristics and nuclear medi-
al parameters; one-way ANOVA and the Kruskal–Wallis ANOVA
ere applied to continuous and categorical data, respectively. The
cNemar test was used to compare the sensitivity and speciﬁcity
etween the assessments. Comparison between the Japanese and
merican TPDs was performed by the paired t-test. All data were
nalyzed using MedCalc Software Version 10.3.0.0 (Mariakerke,
elgium). A p-value of <0.05 was considered statistically signiﬁcant.
esults
Of 165 consecutive patients enrolled in this study, 135 patients
ad one-vessel disease in coronary territories, which were com-
osed of the left anterior descending artery (LAD) region (n = 43),
he right coronary artery (RCA) region (n = 51), and the left circum-
ex artery (LCX) region (n = 41). The remaining 30 patients had no
essel disease (normal) in the coronary territories.
atient characteristics
Table 1 summarizes patients’ characteristics by group. There
as no difference in mean age among all groups. The percentage
f male patients was 44% (19/43) in the LAD group, 76% (39/51) in
he RCA group, 80% (33/41) in the LCX group, and 63% (19/30) in
he normal group. The percentage of male patients in the LAD group
as signiﬁcantly lower than that of the RCA or LCX group (p < 0.05).
ody mass indexes were consistent across the four groups. Ratios
f the patients having hypertension, diabetes, hyperlipidemia, or
moking habit were not signiﬁcantly different among all groups.
atients having one-vessel disease more frequently complained of
ypical chest pain than those of the normal group (p = 0.028). The
SS and SDS were signiﬁcantly higher in all the groups of patients
aving one-vessel disease than the normal group (p < 0.001) and
ere signiﬁcantly higher in the LAD or RCA groups than the LCX
able 1
atients’ characteristics.
LAD (N = 43) RCA (N = 51) 
Age 66 ± 13 68 ± 9 
Male  19 44% 39 76% 
Body mass index 24 ± 4 23 ± 2 
Hypertension 31 72% 35 69% 
Diabetics 13 30% 21 41% 
Hyperlipidemia 21 49% 25 49% 
Smoking 6 14% 15 29% 
Typical chest pain 18 42% 19 37% 
Exercise stress 12 28% 11 22% 
SSS  10.8 ± 6.1 9.4 ± 4.7 
SRS 0.6 ± 1.3 0.9 ± 1.9 
SDS  10.1 ± 6.0 8.5 ± 4.3 
Rest LVEF 66.6 ± 12.6 63.9 ± 10.2 
Rest  LVEDV 70.9 ± 28.9 76.1 ± 22.3 
Rest  LVESV 26.5 ± 20.8 29.0 ± 15.4 
SS, summed stress score; SRS, summed rest score; SDS, summed difference score; LVE
VESV,  left ventricular end-systolic volume.
AD, left anterior descending artery region; RCA, right coronary artery region; LCX, left c
hown  are mean ± standard deviation.
a p < 0.05: LAD vs. RCA; p < 0.05: LAD vs. LCX.
b p < 0.05: LAD vs. LCX; p < 0.05: LAD vs. normal; p < 0.05: RCA vs. LCX; p < 0.05: RCA vs.
c p < 0.05: LAD vs. LCX; p < 0.05: LAD vs. normal; p < 0.05: RCA vs. LCX; p < 0.05: RCA vs.logy 62 (2013) 224–229
group, while the SRS was  similar among the four groups. Rest LVEF,
LVEDV, and LVESV were similar among the four groups.
TPD estimated based on Japanese and American NDBs
Table 2 summarizes TPD scores (mean ± standard deviation)
estimated based on Japanese and American NDBs by group. Over-
all, the TPD scores computed with the Japanese NDB  tended to
be higher than those computed with the American NDB across
the three groups with one-vessel disease. In particular, the stress
and ischemic TPD scores were signiﬁcantly higher in the estimates
based on the Japanese NDB than the American NDB (p < 0.0001).
There was no signiﬁcant difference in the rest TPD scores of both
the LAD and RCA groups between the two NDBs. A signiﬁcant dif-
ference in the rest TPD between two NDBs was observed only in
the LCX group (p = 0.0008). No signiﬁcant difference was  observed
in all TPD scores in the normal group between the two NDBs.
The stress, rest, and ischemic TPD scores in male patients were
higher in the estimates based on the Japanese NDB than the
American NDB across the three groups; these differences were sta-
tistically signiﬁcant in all TPD scores except the ischemic TPD score
in the LAD group. In female patients, the stress and ischemic TPD
scores in the LAD groups were signiﬁcantly higher (p < 0.0001) in
the estimates based on the Japanese NDB than the American NDB,
and also the ischemic TPD scores derived from the Japanese NDB
were signiﬁcantly higher (p = 0.0352) than those derived from the
American NDB in the RCA group. In the normal group, the stress TPD
scores in male patients were signiﬁcantly higher (p = 0.0496) in the
estimates based on the Japanese NDB than the American NDB.
Comparison of performance between automated and visual
perfusion analyses
Sensitivity for detection of CAD was  87% with the stress TPD
score estimated by the automated perfusion analysis based on the
Japanese NDB and 85% with the SSS estimated by the visual per-
fusion analysis in a total of patients having one-vessel disease
(Fig. 1). By the coronary territory, the sensitivity with the stress
TPD score and the SSS was 82% and 86%, respectively, in the LAD
group, 92% and 90% in the RCA group, and 85% and 78% in the LCX
group. Speciﬁcity of the automated TPD assessment based on the
LCX (N = 41) Normal (N = 30) p-Value (ANOVA)
68 ± 10 66 ± 11 0.64
33 80% 19 63% 0.001a
23 ± 3 24 ± 3 0.315
34 83% 19 63% 0.282
15 37% 7 23% 0.381
23 56% 13 43% 0.759
15 37% 10 33% 0.104
14 34% 3 10% 0.028
10 24% 10 33% 0.686
7.1 ± 3.9 1.9 ± 3.6 <0.001b
0.7 ± 1.2 0.6 ± 1.9 0.848
6.3 ± 3.7 1.3 ± 2.3 <0.001c
64.8 ± 9.2 68.3 ± 9.2 0.263
83.7 ± 30.6 72.4 ± 21.9 0.132
31.5 ± 18.9 24.1 ± 12.5 0.301
F, left ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume;
ircumﬂex artery region. Normal, no vessel disease in the coronary territories. Data
 normal; p < 0.05: LCX vs. normal.
 normal; p < 0.05: LCX vs. normal.
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Table  2
Total perfusion deﬁcit estimated based on Japanese and American normal databases.
Japanese NDB American NDB p-Value
LAD
Stress TPD 13.5 ± 8.9 9.7 ± 8.1 <0.0001
Male 10.5 ± 7.1 9.36 ± 6.9 0.0239
Female 15.8 ± 9.6 10.0 ± 9.1 <0.0001
Rest TPD 1.8 ± 2.1 1.3 ± 1.7 0.0594
Male 2.2 ± 2.1 1.1 ± 1.4 0.0091
Female 1.6 ± 2.0 1.5 ± 1.9 0.8115
Ischemic TPD 11.6 ± 8.7 8.3 ± 8.3 <0.0001
Male 8.3 ± 7.2 8.1 ± 6.9 0.681
Female 14.2 ± 9.0 10.0 ± 9.3 <0.0001
RCA
Stress TPD 11.3 ± 5.4 7.5 ± 4.4 <0.0001
Male 10.9 ± 5.7 6.7 ± 4.3 <0.0001
Female 12.3 ± 4.4 10.1 ± 3.6 0.0516
Rest TPD 1.8 ± 1.8 1.4 ± 2.0 0.1026
Male 1.6 ± 1.8 1.0 ± 1.6 0.0308
Female 2.4 ± 1.7 2.7 ± 2.6 0.4739
Ischemic TPD 9.5 ± 5.0 6.2 ± 4.2 <0.0001
Male 9.3 ± 5.2 5.7 ± 4.4 <0.0001
Female 9.9 ± 4.4 7.3 ± 3.3 0.0352
LCX
Stress TPD 9.1 ± 4.2 6.3 ± 3.4 <0.0001
Male 9.4 ± 4.3 6.4 ± 3.5 <0.0001
Female 8.0 ± 4.0 6.3 ± 3.2 0.0992
Rest  TPD 2.0 ± 1.8 1.3 ± 1.7 0.0008
Male 1.8 ± 1.7 1.1 ± 1.7 0.0008
Female 2.6 ± 2.1 2.3 ± 1.6 0.4423
Ischemic TPD 7.2 ± 4.1 5.0 ± 3.0 <0.0001
Male 7.6 ± 4.0 5.3 ± 3.0 0.0001
Female 5.4 ± 4.1 4.0 ± 3.2 0.2253
Normal
Stress TPD 2.5 ± 2.6 2.2 ± 2.2 0.3702
Male 2.6 ± 3.1 1.7 ± 2.1 0.0496
Female 2.5 ± 1.6 3.1 ± 2.1 0.3076
Rest TPD 1.1 ± 1.4 1.2 ± 1.5 0.7868
Male 1.2 ± 1.5 0.9 ± 1.5 0.4127
Female 1.1 ± 1.2 1.7 ± 1.4 0.0889
Ischemic TPD 1.4 ± 2.4 1.0 ± 1.5 0.3484
Male 1.4 ± 2.8 0.8 ± 1.3 0.3051
Female 1.4 ± 1.6 1.4 ± 1.8 1.0000
NDB, normal database; TPD, total perfusion deﬁcit; LAD, left anterior descending
artery region (n = 43); RCA, right coronary artery region (n = 51); LCX, left circumﬂex
artery region (n = 41). Normal, no vessel disease in the coronary territories (n = 30).
Data  shown are mean ± standard deviation.
Fig. 1. Comparison of sensitivity and speciﬁcity among automated quantitative
assessment with total perfusion deﬁcit (TPD) derived from Japanese and Ameri-
can  normal databases and visual quantitative assessment with summed stress score
(SSS). LAD, left anterior descending artery region (n = 43); RCA, right coronary artery
region (n = 51); LCX, left circumﬂex artery region (n = 41).logy 62 (2013) 224–229 227
Japanese NDB was similar to that of the visual SSS assessment (87%
vs. 80%; p = 0.62).
As shown in Fig. 1, the detection sensitivity with the stress TPD
score estimated by the automated perfusion analysis based on the
American NDB was  signiﬁcantly lower than that with the SSS esti-
mated by the visual perfusion analysis in a total of patients having
one-vessel disease (75% vs. 85%; p = 0.01). By the coronary territory,
the sensitivity with stress TPD score derived from American NDB
and the SSS was  86% and 73% (p = 0.03), respectively, in the LAD
group, 90% and 80% in the RCA group, and 78% and 71% in the LCX
group. Speciﬁcity of the automated analysis based on the American
NDB was  similar to that of the visual SSS assessment (83% vs. 80%).
Comparison of detection performance with stress TPD between
Japanese and American NDBs
Fig. 1 also shows comparison of sensitivity for the detection of
CAD with the stress TPD scores between the Japanese and American
NDBs. The detection sensitivity was 87% with the stress TPD score
derived from the Japanese NDB and 75% with that derived from
the American NDB in a total of patients having one-vessel disease,
and this difference was statistically signiﬁcant (p = 0.0004). Also, by
the coronary territory, the detection sensitivity with the stress TPD
score derived from the Japanese NDB was  superior to that derived
from the American NDB across the three groups; in particular, the
difference in the RCA group was statistically signiﬁcant (92% vs.
80%; p = 0.03). The diagnostic sensitivity of the LCX lesion tended
to be higher with the stress TPD score derived from the Japanese
NDB than with that derived from the American NDB. Speciﬁcity of
the automated quantitative assessment with the TPD derived from
the Japanese NDB was similar to that derived from the American
NDB (87% vs. 83%).
Fig. 2 shows gender-different sensitivity for the detection of CAD
with the stress TPD scores by coronary territory and by NDB. Diag-
nostic sensitivity in the male patients was 75% with the stress TPD
score derived from the Japanese NDB and 80% with that derived
from the American NDB. In the female patients, diagnostic sensi-
tivity with the stress TPD score derived from the Japanese NDB
tended to be higher than that derived from the American NDB (88%
vs. 67%; p = 0.06).
Fig. 2. Gender-different sensitivity of automated quantitative assessment with total
perfusion deﬁcit derived from Japanese and American normal databases (NDB). LAD,
left  anterior descending artery region (n = 43); RCA, right coronary artery region
(n  = 51); LCX, left circumﬂex artery region (n = 41).
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Diagnostic sensitivity of the RCA lesion in the male patients
as 90% with the stress TPD score derived from the Japanese NDB
nd 74% with that derived from the American NDB. In the female
atients, that was 100% with the stress TPD score derived from
he Japanese NDB and 100% with that derived from the American
DB. The differences observed in the total of patients having an RCA
esion and in male patients were statistically signiﬁcant (p = 0.03).
Diagnostic sensitivity of the LCX lesion in the male patients
as 85% with the stress TPD score derived from the Japanese NDB
nd 73% with that derived from the American NDB. In the female
atients, that was 88% with the stress TPD score derived from the
apanese NDB and 63% with that derived from the American NDB.
Fig. 3 shows a comparison of polar maps in typical male and
emale abnormal patients between the Japanese and American
DBs. A stress TPD score automatically computed in a male patient
aving 99% stenosis in the mid-right coronary artery region on CAG
as 9% with the Japanese NDB and 2% with the American NDB. In
ddition, a stress TPD score automatically computed in a female
atient having 90% stenosis in the proximal left anterior descen-
ing artery region on CAG was 10% with the Japanese NDB and 0%
ith the American NDB.
iscussion
This was the ﬁrst study to evaluate equivalence of TPD scores
o visual segmental summed scores in Japanese patients with
uspected CAD. We  selected only patients with one-vessel CAD
ecause this was a validation study to prove diagnostic accuracy of
AD by automated TPD quantiﬁcation, although it is of great value
or multi-vessel disease. Nuclear diagnostic accuracy is known to
e improved by covariate analysis with non-perfusion data includ-
ng transient ischemic dilation and post-stress myocardial stunning
ig. 3. Comparison of polar maps showing the regional stress scores in male (a)
nd female (b) abnormal patients between the American (left) and Japanese (right)
ormal databases. (a) A male patient aged 60 years with body mass index 21.6, in
hom coronary angiography revealed 99% stenosis in the mid-right coronary artery
egion and visual analyses estimated summed stress score (SSS) = 7, summed rest
core (SRS) = 0, and summed difference score (SDS) = 7 on a myocardial perfusion
mage. (b) A female patient aged 70 years with body mass index 17.6, in whom
oronary angiography revealed 90% stenosis in the proximal left anterior descen-
ing  artery region and visual analyses estimated SSS = 8, SRS = 0, and SDS = 8 on a
yocardial perfusion image.logy 62 (2013) 224–229
computed by the QGSTM program and exercise-induced left ven-
tricular mechanical dyssynchrony in patients having multi-vessel
CAD [13–15].
Sensitivity and speciﬁcity of automated quantitative assessment
based on the TPD scores derived from the Japanese NDB were con-
sistent with that of visual quantiﬁcation based on the segmental
defect scores. In addition, sensitivity for the detection of CAD was
signiﬁcantly higher with the TPD scores derived from the Japanese
NDB than that derived from the American NDB in a total of patients
having one-vessel disease enrolled in this study.
Correlation of detection sensitivity of CAD between the
automated TPD and visual segmental scores has already been
demonstrated in US studies [3,4,16]. The quantitative severity of
perfusion abnormality assessed with TPD scores was  highly cor-
related with percent myocardium abnormal derived from visual
segmental summed scores [4]. Also, the automated software anal-
ysis was  reported to show equivalent or better reproducibility than
visual analysis by an expert intra-observer [16]. Furthermore, auto-
mated quantitative TPD analysis was  conﬁrmed to be comparable
to expert visual scoring in prediction of sudden or cardiac death in
patients with suspected CAD [17].
Detection sensitivity of disease in each coronary artery branch
(LAD, RCA, or LCX) was higher in the assessment with the Japanese
TPD than the American TPD. The Japanese TPD had higher sensi-
tivity in male patients having one-vessel disease in RCA territory
than the American TPD. Detection sensitivity of the Japanese TPD
tended to be higher in female patients having one-vessel disease in
LAD territory compared with that of the American TPD. Such differ-
ences in the detection sensitivity were considered to be dependent
on body habitus and gender of the population composing the NDB.
Chinese NDB also has been reported to be different from Western
NDB. Li et al. [18] suggested that the difference was  due to lower
body mass index and smaller LV chamber size in Chinese population
than Western population.
Bouvier et al. [19] reported that regional myocardial uptake of
sestamibi (99mTc-preparation) in healthy subjects varied in relation
to age, gender, and body habitus data, and was  different between
stress and rest in both male and female subjects. Male subjects
had higher uptake in the anterior regions and in the basal-septal
region. Female subjects had higher uptake in the inferior regions.
The extent was  partially different between stress and rest proto-
cols. The isotope uptake was relatively higher in the basal parts of
the left ventricle at rest than under stress in both male and female
subjects. In addition, patient posture at acquisition was  reported to
affect attenuation patterns in myocardial perfusion SPECT images
[20]. The attenuation patterns were vastly changed by upright pos-
ture acquisition compared with supine posture acquisition. The
impacts of postures were notable in female subjects, particularly
obese women.
We speculate that the primary reason for the difference in diag-
nostic accuracy between Japanese and American NDBs is due to the
difference in body habitus but not the racial difference. Nakajima
et al. [21] also suggested the importance of body habitus associ-
ated with the difference in diagnostic accuracy between Japanese
and American NDBs. Therefore, NDBs, which are required to have
body habitus data and other normal data including gender, age,
and types of acquisition protocols, should be population-speciﬁc.
The Japanese NDB published by the Japanese Society of Nuclear
Medicine, which includes gender-, camera rotation range-, and
radiopharmaceutical-speciﬁc normal data, is expected to provide
a reliable normal limit in diagnostic and prognostic assessments
with automated TPD analysis.
Furthermore, quite a difference in the TPD scores was  observed
between the Japanese and American NDBs for the detection
of hypoperfusion in the LAD and RCA regions. The differences
were considered to result from insufﬁcient normal data regarding
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erfusion of an inferior wall in male subjects and an anterior wall in
emale subjects in the American NDB. Because the multiple normal
ata including gender, age, and body habitus are insufﬁcient, the
merican NDB fails to be applied to Japanese nuclear cardiology.
There is a preceding report [21] regarding a comparison of diag-
ostic sensitivity and speciﬁcity of CAD between the Japanese and
merican NDBs. It demonstrated that the Japanese NDB should be
sed when quantitative perfusion SPECT software is applied for
etecting CAD in Japanese patients because segmental counts were
igniﬁcantly different between the Japanese and American NDBs.
n the study, assessment was based on SSS computed by the QPS
oftware. However, in comparison with the SSS, the TPD used in our
resent study is an evolutionary assessment parameter and is supe-
ior in terms of representation of both severity and extent of a defect
nd fully automated assessment. In addition, the COURAGE (clinical
utcomes utilizing revascularization and aggressive drug evalua-
ion) trial [5] and the ASNC imaging guideline [6] recommend the
PD as a useful objective assessment parameter and a guide for
he less experienced observer who may  be uncertain about normal
ariations in uptake.
Our present study compared SPECT ﬁndings to anatomi-
al extent of stenosis. Recently, the fractional ﬂow reserve
s. Angiography for Multivessel Evaluation 2 (FAME 2) study
22] demonstrated that therapeutic improvement resulted from
ombination of percutaneous coronary intervention guided by
hysiological ischemia detected with fractional ﬂow reserve com-
ared with the best available medical therapy alone. Also, the
ractional ﬂow reserve is considered to be a useful index to risk-
tratify patients for major adverse cardiac events as well as to
udge the indications for percutaneous coronary intervention [23].
herefore, future studies should evaluate diagnostic value based on
omparison between fractional ﬂow reserve and SPECT ﬁndings.
In conclusion, sensitivity of automated quantitative assessment
ased on the TPD scores derived from the Japanese NDB was con-
istent with that of visual quantiﬁcation based on segmental defect
cores. Therefore, the automated quantitative assessment is useful
or the detection of CAD when experts in visual interpretation of
 myocardial perfusion SPECT image were absent in a clinical set-
ing. Also, estimation of the TPD score in Japanese patients with
uspected CAD requires the Japanese NDB in order to acquire max-
mum accuracy of the automated quantitative assessment with
yocardial perfusion SPECT.
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